Clinical Sciences Building, Leicester Royal Infirmary, Leicester LE2 7LX Summary: Serial polygraphic sleep studies were carried out in 86 index infants (33 'symptomatic', 24 siblings of infants with the sudden infant death syndrome (SIDS), 29 'near-miss' for SIDS) and 11 healthy controls. Brief ( > 3 < 6 sec) or prolonged (> 6 sec) obstructive apnoea was observed only in index caes, and coincided with symptoms due to associated illnesses (usually respiratory). Their prevalence was comparable in 'symptomatic' and 'near-miss' groups -39% and 35% respectively. Prolonged (> 20 sec) central apnoea was seen only in pre-term 'near-miss' infants. Dips in transcutaneous oxygen tension > 15 mmHg occurred during sleep in 17% of 'symptomatic' infants and 19% of 'near-miss' cases, usually in association with obstructive or central apnoea. Diminution or disappearance of these abnormalities following clinical recovery from 'minor' illnesses suggested that they were the result ofsuch illnesses.
Introduction .... and a sleep Full of sweet dreams, and health, and Quiet breathing'. (John Keats) Though greatly desired by parents, the situation described by Keats is not universal in infancy. Apnoea is the most common expression of instability of respiratory control during the neonatal period and later may occur in association with a wide range of clearly defined clinical disordersinfective, metabolic, neurological, and cardiorespiratory. It is also observed in situations where a discernible disease process is much less obvious.
Sudden infant death syndrome (SIDS) accounts for 2 deaths in infancy per 1000 live births in the UK and has a peak occurrence between 2 and 4 months of age. The majority of SIDS victims have apparently minor symptoms within days of their deaths. Naeye (1974) postulated that SIDS victimns die an asphyxial death. Interruption of airflow between the environment and the lungs would result in hypoxaemia, hypercapnia, acidaemia and tissue hypoxia followed by central circulatory failure. The notion that prolonged central apnoea (cessation of airflow with absent chest and abdominal movements) might initiate this sequence stems from the observation of apnoeic episodes in infants who later become SIDS victims (Steinschneider 1972) . Guilleminault et al. (1975) suggested a possible relationship between obstructive sleep apnoea (cessation of airflow and continuing respiratory movements and SIDS. The question posed in the present investigation was whether vulnerability of cardiorespiratory control mechanisms, manifest by aberrant patterns of breathing, bradycardia and hypoxaemia during sleep, could be demonstrated in the following groups of infants: (1) a random group of hospitalized infants with relatively mild symptoms affecting breathing; (2) siblings of previous SIDS victims; and (3) 'near-miss' for SIDS infants.
Patients and methods
The index group of 86 infants was made up of 3 subgroups. The 'symptoms' subgroup comprised 16 infants recDvering from acute bronchiolitis, 5 with upper respiratory tract infection, 7 with congenital laryngeal stridor, and 5 with recurrent vomiting due to congenital hypertropic pyloric stenosis. There were 24 siblings of SIDS, 2 of whom were included in the *Observed during course of upper respiratory infections. Remaining siblings were studied when completely symptom-free final subgroup of 29 'near-miss' for SIDS cases. Infants in these respective subgroups were studied on 59, 50, and 77 occasions. Eleven healthy full-term infants without previous illness were studied on 31 occasions and served as controls. Polygraphic sleep studies of 3-4 hours duration were carried out after the last evening feed, usually between 22:00 and 04:00 hours. All infants were monitored under similar conditions in a dimly-lit side room off a hospital ward especially equipped for sleep studies, using the methods described previously (Abreu e Silva et al. 1982) . The characteristics of infants with bronchiolitis and 'near-miss' for SIDS have been reported previously (Abreu e Silva et al. 1982 Silva et al. , 1983 .
Results
Sleep polygraphic records were analysed in respect of sequential changes in respiration and heart rate, apnoea index, apnoea attack rate, apnoea percent, percent time in active and quiet sleep, gross body movements, duration of apnoea (central and obstructive), mean transcutaneous oxygen tension and dips in oxygen tension in each sleep phase. A summary of our findings in the occurrence of obstructive and central apnoea and dips in transcutaneous oxygen tension during sleep are presented here. Table 1 gives the results for apnoea. No infant in the 'control' group had either obstructive or prolonged (> 20 sec) central apnoea in any of the 31 studies undertaken. Both brief ( > 3 < 6 sec) and prolonged ( > 6 sec) episodes of obstructive apnoea were observed in each index subgroup, particularly the 'symptoms' and 'near-miss' groups where the occurrence rates were almost identical. Three infants in the series had prolonged central apnoea. They had been born prematurely and had presented as 'near-miss' for SIDS at the onset of upper respiratory tract infections. One developed acute bronchiolitis within days of initial representation. Periodic breathing, as defined by Parmalee et al. (1972) , was observed in all control infants and many index cases. Its total duration varied greatly within control and index subgroups.
Irrespective of group, the occurrence of apnoeaobstructive or centralcoincided (in all but 2 infants, with prolonged obstructive apnoea) with symptoms caused by respiratory infections, stridor or upper gastrointestinal obstruction. Apnoea diminished or disappeared following recovery from these illnesses. Individual records of transcutaneous oxygen tension were scrutinized for dips in oxygen tension during sleep. These usually started abruptly and could last up to a minute. Table 2 gives results for dips exceeding 10 and 15 mmHg respectively. Only one control infant (with striking periodic breathing) had dips in Ptco2 exceeding 10 mmHg. Dips in oxygen tension were observed in infants within each index subgroup, particularly the 'symptoms' and 'near-miss' groups, where the proportion of infants affected was again comparable. However, the most striking decreases in oxygen tension occurred in a small number of 'near-miss' infants, associated with prolonged central or obstructive apnoea (see Figures 1 and 2) .
Dips in oxygen tension occurred in association with obstructive apnoea, central apnoea, periodic breathing or body movements. Obstructive apnoea was seen almost invariably in 
Discussion
There have been previous reports of sleep apnoea during.the course of upper respiratory tract infections (Steinschneider 1975) . Studies of infants thought to be at increased risk for SIDS have yielded conflicting results. Hoppenbrouwers et al. (1976 Hoppenbrouwers et al. ( , 1980a found significant differences in cardiorespiratory behaviour between subsequent siblings and control infants. Short apnoeic pauses ( > 3 < 6 sec) occurred less frequently in subsequent siblings. Prolonged central apnoea (> 20 sec) was rare. Hodgman et al. (1978 Hodgman et al. ( , 1982 compared cardiorespiratory variables in 'near-miss' for SIDS cases and carefully matched controls. One-fifth of the index cases demonstrated abnormal findings, including an increased number of central and obstructive apnoeas. Guilleminault et al. (1976) reported api increase in short obstructive apnoeas during sleep at 6 weeks of age in 'near-miss' infants. Other studies have not shown an increase in prolonged central or obstructive apnoea (Monod et al. 1976 ). Kelly & Shannon (1979) and Kelly et al. (1980) have observed increased amounts of periodic breathing in siblings of SIDS and in 'near-miss' infants, a finding which Hoppenbrouwers et al. (1980a,b) were unable to confirm.
Our results confirm that obstructive apnoea or prolonged central apnoea are seldom seen in healthy full-term infants; obstructive apnoea is seen in the symptom groups studied and in 'near-miss' infants; prolonged central apnoea (> 20 sec) was observed in relatively few 'near-miss' cases. These abnormalities, and also periodic breathing, may be associated with dips in oxygen tension during sleep, sometimes exceeding 15 mmHg. Their resolution, -in the great majority of cases, following clinical recovery from the illnesses described, suggests that they were the result of such illnesses, both in the 'symptom' and 'near-miss' groups of infants. These observations, which may be relevant to the mechanism(s) of death in SIDS, suggest that the effects of apparently minor symptoms on respiratory control in infancy merit further study.
